SYNTHESIS AND USE OF NITROPHENOL RESINS 
CROSS REFERENCE TO RELATED APPLICATION 

[0001] The present application claims priority from 
provisional application 60/421,568, filed October 28, 2002, 
the entire contents of which are hereby incorporated by 
reference . 

FIELD OF THE INVENTION 

[0002] The present invention relates to. methods for 
synthesizing nitrophenol resins on support materials and uses 
of these nitrophenol resins. 

BACKGROUND OF THE INVENTION 

[0003] After Merrifield published the first solid-phase 
reaction in his prominent paper (Merrifield, 1963), describing 
the synthesis of a peptide via attachment of amino acids to a 
polymer backbone, the concept became the basis for automated 
peptide synthesis (Cabilly, 1998). With the advent of 
combinatorial chemistry, there has been an explosion of 
attention to solid phase chemistry during the last decade, in 
which the scope of this technique was expanded to other fields 
including small molecules (Blaney et al . , 2002; Jung, 1999; 
Dorwald, 2000; Dolle et al . , 1999; Dolle, 2000; Dolle, 2001), 
carbohydrates (Plante et al . , 2001; Kanemitsu et al., 2002), 
and catalysts (Copeland et al . , 2001; Jarvo et al . , 2001). In 
addition to the conventional solid phase chemistry, in which 



the growing compound is loaded and modified on the solid 
support, after which the final product is cleaved from the 
solid support, solid phase reagent approach is an attractive 
alternative method (Ley et al - , 2000). In this case, the core 
structure of the library molecule resides in the solution, 
while solid phase reagents are added to cause the reaction to 
proceed, and are then removed from the reaction mixture by 
filtration. 

[0004] In particular, polymeric active ester reagents are 

known useful tools for amide/sulf onamide library synthesis 
(Kim, 1999; Chang et al . , 2002; Salvino et al . , 2000; Hahn et 
al., 1998; Parlow et al., 1995; Masala et al . , 1999) and for 
labeling reagents (Adamczyk et al., 1999; Adamczyk et al., 
1999; Katoh et al . , 1999; Chang et al . , 1999). Most of the 
reported functionalities, such as nitrophenol (Cohen, 1984), 
N-hydroxysuccinimide (NHS) (Adamczyk et al . , 1999a; Adamczyk 
et al., 1999b; Katoh et al . , 1999), HOBt (1- 
hydroxybenzotriazole) (Dendrinos et al., 1998; Pop et al., 

1997) , tetraf luorophenol (TFP) (Salvino et al., 1000), and 
Kaiser oxime (Scialdone et al . , 1998; Lumma et al., 1998), 
have been attached to a polystyrene resin solid support by a 
Feidel-Crafts reaction (Cohen et al., 1984; Scialdone et al . , 

1998) or to a thiol resin by a maleimide. linker (Adamczyk et 
al., 1999a; Adamczyk et al., 1999b; Katoh et al . , 1999), thus 
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limiting the selection of resin compositions and also limiting 
the reaction conditions to hydrophobic organic solvents. 
[0005] To overcome this Limitation, the present inventors 
previously studied an amide bond formation of 
tetraf luorohydroxybenzoic acid (Salvino et al . , 2000) to a 
variety of compositions of aminomethylresins, and successfully 
compared the relative kinetic behaviors (Walsh et al . , 2002). 
A similar strategy was applied in preparing TantaGel based 
HOBt, NHS , and TFP, and an amide forming reaction in aqueous 
media was demonstrated (Corbett et al., 2002). In aqueous 
media, the rate of a side reaction, hydrolysis over the 
desired aminolysis, was dependent on the reactivity of the 
active ester functionality as well as other reaction 
conditions. While TFP was the most favorable for the 
aminolysis with a minimum of hydrolysis among the resins 
compared, it would be useful to have a variety of activated 
esters as a toolbox for individual applications. 
SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to overcome 

the aforesaid deficiencies in the prior art. 
[0007] It is another object of the present invention to 

provide methods for preparing nitrophenol resins on a variety 
of support materials. 
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[0008] The nitrophenol resins of the present invention are 
supported on a variety of support materials as shown in Figure 
1. In Figure 1, at Least one of Ri, R 2 , R3/ R4/ -and R 5 is OH; 
At least one of Ri, R 2 , R3, R4, and R 5 is N0 2 . The Ri, R 2 , R3/ 
R 4 , and R s that, are neither OH nor NO2 are H, alkyl group, or 
aryl group. The circle is a solid support , such as 
polystyrene, Tantagel, polyethylene glycol dimethyl acrylamide 
copolymer, macroporous substrate, and silica gel. 
[0009] The aromatic ring contains one hydroxyl group and at 

least one electron-withdrawing group, specifically, N0 2 . 
Because of the electron-withdrawing group, the phenolic proton 
becomes more acidic, so that the thus formed ester is reactive 
to nucleophiles, especially to amines. 

[0010] The synthesis process of the present invention is as 
follows: A new polymeric nitrophenol resin is prepared by 
amide bond formation between commercially available hydroxyl 
nitro benzoic acid and an amino-alkyl polymer support, such as 
polystyrene, TentaGel, polyethylene glycol dimethyl acrylamide 
copolymer, macroporous resin, and silica gel (Jaroniec et al . , 
1997; Shimizu et al., 1997), using diisopropylcarbodiimide-1- 
hydroxybenzotriazole ) (DIC-HOBt) coupling, as shown in Scheme 
1. 
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Scheme 1. Synthesis of nitrophenol resin 



[0011] Another synthetic method that can be used in the 

present invention involves hydrolysis of chlorobenzene, as 
shown in Scheme 2. 4-chloro-3-nitrobenzoyl resin was 
synthesized using diisopropylcarbodiimide-1- 

hydroxybenzotriazole) (DIC-HOBt) coupling of alkylamino resin 
with 4-chloro-3-nitrobenzoic acid. A subsequent basic 
hydrolysis produced nitrophenol resin 2a. 

cr»* —X o^s^rv 02 B " Me3WH ■> a-B^v 02 

^^Cl H2p,dioxane ^ " k^ QH 



DIC, HOBt CI H2P, dioxane 

DMF 3a 23 

Scheme 2. Synthesis of nitrophenol resin by hydrolysis of chlorobenzene 



[0012] For the first step of amide synthesis, an activated 

ester was first formed by reacting the nitrophenol resin with 
acyl halide under basic conditions, or with carboxylic acids 
using diisopropylcarbodiimide coupling. The active ester 
resins were carefully rinsed to remove all traces of residual 



- 5 - 



DIC, diisopropylurea, and unreacted acid. Upon addition of 
amine nucleophile to the resin in various organic solvents (1- 
methyl-2-pyrrolidinone, dimethyl- sulfoxide, N,N- 
dimethylf ormamide, tetrahydrof uran, methylene chloride, ethyl 
acetate, etc.}, the amide product was formed and released into 
the reaction medium, as shown in Scheme 3. The products were 
isolated by filtration and repeated rinsing, and the resulting 
product was analyzed by liquid chromatography-mass 
spectroscopy equipped with a UV detector and electrospray mass 
spectroscopy using a C18 column (20 x 4.0 mm) with a gradient 
of 5-95% CH 3 CN-H 2 0 (containing 0.1% acetic acid) as an eluant 
over four minutes.. 

R-lCOCI/Pyr n 
I (NO* lw (N02)n K2R3NH 2 £ 

W RjCOOH Y 

2 DIC/DMAP 4 O 5 

Scheme 3. Synthesis of amide via activated ester. 
[0013] A number of esters and amides were tested, and most 
of the amide products were pure enough for use without further 
purification (>90% pure). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Figure 1 shows nitrophenol resins according to the 
present invention . 
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[0015] Figure 2 is a liquid chromatography-mass 

spectroscopy trace of amide products using a variety of amines 
and benzoyl-4a. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] The water compatible properties of tantagel, 
polyethylene glycol dimethacrylamide copolymer, and silica gel 
resin makes it possible to conduct the amination reaction in 
aqueous media. Active benzoyl esters (tantagel, polyethylene 
glycol dimethacryalamide copolymer, silica gel) were prepared 
by a base catalyzed reaction with benzoyl chloride as 
described above. Amide couplings in aqueous solution were 
carried out using 0.1 M glycine in 0.1 M NaHC0 3 or K 2 C0 3 
condition, as shown in Scheme 4 (Corbett et al., 2002). 




Scheme 4. Amide coupling in aqueous media. 

[0017] The nitrophenol resin 2 is also useful in preparing 

sulfonamides. Sulfonyl halides were loaded onto resin 2 to 
form active sulfonic ester in the presence of pyridine base. 
The sulfonamide synthesis was performed by amine addition to 
resin 6a, and the resulting product was determined by liquid 
chromatography-mass spectroscopy . 
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1 




Scheme 5. The synthesis of sulfonamide via active sulfonic acid ester 
Example 1 

Coupling procedure of nitrophenol resin (PS-2a) . 




N0 2 



[0018] In a 50 mL polystyrene cartridge, to an amino 

polystyrene resin (1 g, 1-2 mmol) in DMF (15 mL) were added 4- 
hydroxy-3-nitrobenzoic acid (la) (1 g, 5,46 mmol), HOBt (1 g, 
7.4 mmol), and DIC ( 1 , 3-diisopropylcarbodiimide, 1 mL, 6.4 
mmol) . After overnight shaking, the reaction mixture was 
washed with DMF (20 mL, 5 times), methylene chloride, and 
methanol (20 mL, 5 times each) . To remove any undesirable side 
product, DMF (5 mL) and piperidine (0.5 mL) were added to the 
cartridge and allowed to shake for 1.5 h. The resin was 
filtered and washed with DMF. The resulting piperidine salt, 
was removed via the addition of a 10% HC1 solution (in DMF, 20 
mL) to the resin that was allowed to shake for 1.5h. The 
mixture was then filtered, washed with DMF (20 mL, 5 times), 
methanol, and methylene chloride (20 mL, 5 times each) and 
dried by nitrogen gas flow. 
Example 2 
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Coupling procedure of nitrophenol resin (TG-2a) . 




H 2 O 



[0019] 



In a 50 mL polystyrene cartridge, to an amino 



tantagel (1 g, 0.45 ramol) in DMF (15 mL) were added 4-hydroxy- 
3-nitrobenzoic acid (la) (1 g, 5.46 mmol) , HOBt (1 g, 7.4 
mmol), and DIC ( 1 , 3-diisopropylcarbodiimide , 1 mL, 6.4 mmol). 
After overnight shaking, the reaction mixture was washed with 
DMF (20 mL, 5 times), methylene chloride, and methanol (20 mL, 
5 times each) . To remove any undesirable side product, DMF (5 
mL) and piperidine (0.5 mL) were added to the cartridge and 
allowed to shake for 1.5 h. The resin was filtered and washed 
with DMF. The resulting piperidine salt was removed via the 
addition of a 10% HC1 solution (in DMF, 20 mL) to the resin 
that was allowed to shake for 1.5h. The mixture was then 
filtered, washed with DMF (20 mL, 5 times) , methanol, and 
methylene chloride (20 mL, 5 times each) and dried by nitrogen 
gas flow. 
Example 3 

Coupling procedure of nitrophenol resin (PEGA-2a) . 




H 2 O 



N0 2 
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[0020] This material was prepared from 4-hydroxy-3- 

nitrobenzoic acid (la) (1 g, 5.46 mmol) , HOBt (1 g 7.4 mmol), 
DIC (1, 3-diisopropylcarbodiimide, 1 mL, 6.4 mmol), an amino 
PEGA resin (1 g, 0.4 0 mmol) using a procedure similar to 
polystyrene resin (PS-2a) . 
Example 4 

Coupling procedure of nitrophenol resin (MP-2a) 




N0 2 



[0021] This material was prepared from 4-hydroxy-3- 

nitrobenzoic acid (la) (1 g, 5.46 mmol), HOBt (1 g 7.4 mmol) , 
DIC (1, 3-diisopropylcarbodiimide, 1 mL, 6.4 mmol), and a MP 
resin (1 g, 0.99 mmol) using a procedure similar to 
polystyrene resin (PS-2a) . 



Example 5 

Coupling procedure of nitrophenol resin (PS-2b) 




[0022] This material was prepared from 3-hydroxy-4- 

nitrobenzoic acid (lb) (1 g, 5.46 mmol), HOBt (1 g, 7.4 mmol), 
DIC (1, 3-diisopropylcarbodiimide, 1 mL, 6.4 mmol), and an 



amino polystyrene resin (lg, 1.2 ramol) using a procedure 
similar to polystyrene resin (PS-2a) . 
Example 6 

Coupling procedure of nitrophenol resin (TG-2b) 




[0023] This material was prepared from 3-hydroxy-4- 
nitrobenzoic acid (lb) (1 g, 5.46 mmol), HOBt (1 g, 7.4 ramol), 
DIC (1/ 3-diisopropylcarbodiimide, 1 mL, 6.4 mmol), and an 
amino tantagel resin (1 g, 0.45 mmol) using a procedure 
similar to polystyrene resin (PS-2a) . 
Example 7 

Coupling procedure of nitrophenol resin (PEGA-2b) 




[0024] This material was prepared from 3-hydroxy-4- 

nitrobenzoic acid (lb) (1 g, 5.46 mmol), HOBt (1 g, 7.4 mmol), 
DIC (1, 3-diisopropylcarbodiimide, 1 mL, 6.4 mmol), and an 
amino PEGA resin (1 g, 0.4 mmol) using a procedure similar to 
polystyrene resin (PS-2a) . 
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Example 8 

Coupling procedure of nitrophenol resin (MP-2b) 




OH 



[0025] This material was prepared from 3-hydroxy-4- 
nitrobenzoic acid (lb) (1 g, 5.46 mmol) , HOBt (1 g, 7.4 mmol 
DIC (1, 3-diisopropylcarbodiimide, 1 mL, 6.4 mmol), and an 
amino macroporous resin (1 g, 0.99 mmol) using a procedure 
similar to polystyrene resin (PS-2a) . 
Example 9 

Coupling procedure of nitrophenol resin (PS-2c) 




[0026] This material was prepared from 5-nitrosalicylic 
acid (lc) (1 g, 5.46 mmol), HOBt (1 g, 7.4 mmol), DIC (1,3- 
diisopropylcarbodiimide, 1 mL, 6.4 mmol), and an amino 
polystyrene resin (1 g, 1-2 mmol) using a procedure similar 
polystyrene resin (PS-2a) . 



Example 10 

Coupling procedure of nitrophenol resin (TG-2c) 




[0027] This material was prepared from 5-nitrosalicylic 
acid (lc) (1 g, 5.46 mmol), HOBt (1 g, 7.4 mmol) , DIC (1,3- 
diisopropylcarbodiimide, 1 mL, 6.4 mmol), and an amino 
tantagel resin (1 g, 0.45 mmol) using a procedure similar to 
polystyrene resin (PS-2a) . 

Example 11 

Coupling procedure of nitrophenol resin (PEGA-2c) 




[0028] This material was prepared from 5-nitrosalicylic 
acid (lc) (1 g, 5.46 mmol), HOBt (1 g, 7.4 mmol), DIC (1,3- 
diisopropylcarodiimide, 1 mL, 6.4 mmol), and an amino PEGA 
resin (1 g, 0.4 mmol) using a procedure similar to polystyrene 
resin (PS-2a) . 
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Example 12 

Coupling procedure of nitrophenol resin (MP-2c) 




[0029] This material was prepared from 5-nitrosalicylic 
acid (lc) (1 g, 5.46 mmol) , HOBt (1 g, 7.4 mmol) , DIC (1,3- 
diisopropylcarodiimide, 1 mL, 6.4 mmol), and an amino 
macroporous resin (1 g, 0.99 mmol) using a procedure similar 
to polystyrene resin (PS-2a) . 

Example 13 

Coupling procedure of nitrophenol resin (PS-2d) 




[0030] This material was prepared from 3 , 5-dinitrosalicylic 
acid (lc) (1 g, 4.4 mmol), HOBt (1 g, 7.4 mmol), DIC (1,3- 
diisopropylcarodiimide, 1 mL, 6.4 mmol), and an amino 
polystyrene resin (1 g, 1.2 mmol) using a procedure similar to 
polystyrene resin (PS-2a) . 
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Example 14 

Coupling procedure of nitrophenol resin (TG-2d) 




[0031] This material was prepared from 3 , 5-dinitrosalicylic 
acid (Id) (1 g, 4.4 mmol) , HOBt (1 g, 7.4 iranol), DIC (1,3- 
diisopropylcarodiimide, 1 mL, 6.4 mmol), and an amino tantagel 
resin (1 g, 0.45 mmol) using a procedure similar to 
polystyrene resin (PS-2a) . 

Example 15 

Coupling procedure of nitrophenol resin (PEGA-2d) 
H 2 O 

H HoV 
N0 2 

[0032] This material was prepared from 3 , 5-dinitrosalicylic 
acid (Id) (1 g, 4.4 mmol), HOBt (1 g, 7.4 mmol), DIC (1,3- 
diisopropylcarodiimide, 1 mL, 6.4 mmol), and an amino PEGA 
resin (1 g, 0.4 mmol) using a procedure similar to polystyrene 
resin (PS-2a) . 
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Example 16 

Coupling procedure of nitrophenol resin (MP-2d) 




N0 2 



[0033] This material was prepared from 3 , 5-dinitrosalicylic 

acid (Id) (1 g, 4.4 mmol) , HOBt (1 g, 7.4 mmol), DIC (1,3- 
diisopropylcarodiimide, 1 mL, 6.4 mmol) f and an amino 
macroporous resin (1 g, 0.4 mmol) using a procedure similar to 
polystyrene resin (PS-2a) . 

Example 17 

Preparation of nitrophenol resin (PS-2a) by hydrolysis of 
chlorobenzene 




3a 2b 



[0034] In a 250mL round-bottom flask, to an amino resin (4 
g, 4.52 mmol) in NMP (100 mL) were added 4-chloro-3- 
nitrobenzoic acid (2 g, 9.92 mmol), DIC (1, 3- 

diisopropylcarbodiimide, 2 mL, 12.8 mmol), and HOBt (2 g, 13.0 
mmol) . After overnight shaking, the reaction mixture was 
filtered and washed with dioxane . Benzyl trimethylammonium 
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hydroxide 40% in water (50 mL) , water (50 mL) , and dioxane 
(100 mL) was added to the reaction mixture (3a) . The reaction 
mixture was allowed to heat for 8 hours at 90°C. The resin 
(2b) was washed with 4 portions of warm (60 °C) dioxane, Acetic 
acid (30 mL) was added with stirring for 15 min. The polymer 
was washed with dioxane until the washings were neutral, 
fallowed by 6 portions of 300mL of methylene chloride-methanol 
(2:1) and dried by nitrogen gas flow. 

Example 18 

Preparation of benzoyl active ester (PS-4a) 




[0035] The nitrophenol resin (PS-2a) (100 mg, 0.121 mmol) 

was suspended in NMP (10 mL) , and benzoyl chloride (0.1 mL) 
and pyridine (0.1 mL) were added to the reaction mixture. The 
reaction mixture was allowed to shake overnight. The resins 
were filtered and washed with DMF (10 mL, 3 times), methanol, 
and methylene chloride (10 mL, 5 times each) and dried by 
nitrogen gas flow. 



Example 19 

Preparation of benzoyl active ester (TG-4a) 




[0036] This material was prepared from nitrophenol resin 
(TG-2a) (100 mg, 0.045 mmol) , benzoyl chloride (0.1 mL) , and 

pyridine (0.1 mL) using a procedure similar to that for 

benzoyl active ester resin (PS-4a) . 

Example 20 

Preparation of benzoyl active ester (PEGA-4a) 




[0037] This material was prepared from nitrophenol resin 
(PEGA-2a) (100 mg, 0.04 mmol), benzoyl chloride (0.1 mL) , and 

pyridine (0.1 mL) using a procedure similar to that for 

benzoyl active ester resin (PS-4a) . 

Example 21 

Preparation of benzoyl active ester (MP-4a) 
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[0038] This material was prepared from nitrophenol resin 
(MP-2a) (100 mg, 0.09 mmol), benzoyl chloride (0.1 mL) , and 

pyridine (0.1 mL) using a procedure similar to that for 

benzoyl active ester resin (PS-4a) . 

Example 22 

Preparation of benzoyl active ester (PS-4b) 




O 

[0039] This material was prepared from nitrophenol resin 
(PS-2b) (100 mg, 0.121 mmol), benzoyl chloride (0.1 mL) , and 

pyridine (0.1 mL) using a procedure similar to that for 

benzoyl active ester resin (PS-4a) . 

Example 23 

Preparation of benzoyl active ester (TG-4b) 




O 

[0040] This material was prepared from nitrophenol resin 
(TG-2b) (100 mg, 0.045 mmol), benzoyl chloride (0.1 mL) , and 
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pyridine (0.1 mL) using a procedure similar to that for 
benzoyl active ester resin (PS-4a) . 

Example 24 

Preparation of benzoyl active ester (PEGA-4b) 




[0041] This material was prepared from nitrophenol resin 

(PEGA-2b) (100 mg, 0.04 mmol) , benzoyl chloride (0.1 mL) , and 
pyridine (0.1 mL) using a procedure similar to that for 
benzoyl active ester resin (PS-4a) . 



Example 25 

Preparation of benzoyl active ester (MP-4b) 



HN 



o 



N0 2 



[0042] This material was prepared from nitrophenol resin 
(MP-2b) (100 mg, 0.09 mmol), benzoyl chloride (0.1 mL) , and 
pyridine (0.1 mL) using a procedure similar to that for 
benzoyl active ester resin (PS-4a) . 
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Example 2 6 

Preparation of benzoyl active ester (PS-4c) 




[0043] This material was prepared from nitrophenol resin 
(PS-2c) (100 rag, 0.121 mmol) , benzoyl chloride (0.1 mL) , and 
pyridine (0.1 mL) using a procedure similar to that for 
benzoyl active ester resin PS-4a. 



Example 27 

Preparation of benzoyl active ester (TG-4c) 




[0044] This material was prepared from nitrophenol resin 
(TG-2c) (100 mg, 0.045 mmol), benzoyl chloride (0.1 mL) , and 
pyridine (0.1 mL) using a procedure similar to that for 
benzoyl active ester resin (PS-4a) . 
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Example 28 

Preparation of benzoyl active ester (PEGA-4c) 




[0045] This material was prepared from nitrophenol resin 
(PEGA-2c) (100 mg, 0.04 mmol), benzoyl chloride (0.1 mL) r and 

pyridine (0.1 mL) using a procedure similar to that for 

benzoyl active ester resin (PS-4a) . 

Example 2 9 

Preparation of benzoyl active ester (MP-4c) 




[0046] This material was prepared from nitrophenol resin 

(MP-2c) (100 mg, 0.09 mmol), benzoyl chloride (0.1 mL) , and 
pyridine (0.1 mL) using a procedure similar to that for 
benzoyl active ester resin (PS-4a) . 
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Example 30 

Preparation of benzoyl active ester (PS-4d) 




[0047] This material was prepared from nitrophenol resin 

(PS-2d) (100 mg, 0.121 mmol) , benzoyl chloride (0.1 mL) , and 
pyridine (0.1 mL) using a procedure similar to that for 
benzoyl active ester resin (PS-4a) . 

Example 31 

Preparation of benzoyl active ester (TG-4d) 




[0048] This material was prepared from nitrophenol resin 
(TG-2d) (100 mg, 0.045 mmol), benzoyl chloride (0.1 mL) , and 
pyridine (0.1 mL) using a procedure similar to that for 
benzoyl active ester resin PS-4a. 
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Example 32 

Preparation of benzoyl active ester (PEGA-4d) 




N0 2 



° N N0 2 

[004 9] This material was prepared from nitrophenol resin 

(PEGA-2d) {100 mg, 0.04 mmol) , benzoyl chloride (0.1 mL) , and 
pyridine (0.1 mL) using a procedure similar to that for 
benzoyl active ester resin (PS-4a) . 



Example 33 

Preparation of benzoyl active ester (MP-4d) 




N0 2 



[0050] This material was prepared from nitrophenol resin 

(MP-2d) (100 mg, 0.09 mmol), benzoyl chloride (0.1 mL) , and 
pyridine (0.1 mL) using a procedure similar to that for 
benzoyl active ester resin (PS-4a) . 



- 24 - 



Example 34 

Preparation of 4-chlorobutyryl active ester 
O 




Ci 



[0051] To a mixture of nitrophenol resin (PS-2a) (80 mg, 

0.07 mmol) in NMP (1 mL) was added 4-chlorobutyryl chloride 

(4.5 eq) and pyridine (0.1 mL) . The reaction mixture was 
allowed to stir overnight. The resin was filtered and washed 
with DMF (5 mL, 5 times), methylene chloride and methanol (5 
mL, 5 times each), and dried by nitrogen gas flow. 

Example 35 

Preparation of propionyl active ester 
O 




[0052] To a mixture of nitrophenol resin (PS-2a) (80 mg, 

0.07 mmol) in NMP (1 mL) was added propionyl chloride (4.5 eq) 
and pyridine (0.1 mL) . The reaction mixture was allowed to 
stir overnight. The resin was filtered and washed with DMF (5 
mL, 5 times), methylene chloride and methanol (5 mL, 5 times 
each), and dried by nitrogen gas flow. 
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Example 3 6 



Preparation of 3-mtheyl butyryl active ester 





N0 2 
O 



[0053] 



To a mixture of nitrophenol resin (PS-2a) 



(80 mg, 



0.07 mmol) in NMP (1 mL) was added 3-methyl butyryl chloride 
(4.5 eq) and pyridine (0.1 mL) . The reaction mixture was 
allowed to stir overnight. The resin was filtered and washed 
with DMF (5 mL, 5 times), methylene chloride and methanol (5 
mL, 5 times each), and dried by nitrogen gas flow. 

Example 37 

Preparation of hexanoyl active ester 
O 



0.07 mmol) in NMP (1 mL) was added hexanoyl chloride (4.5 eq) 
and pyridine (0.1 mL) . The reaction mixture was allowed to 
stir overnight. The resin was filtered and washed with DMF (5 




[0054] 



To a mixture of nitrophenol resin (PS-2a) 



(80 mg, 
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mL, 5 times), methylene chloride and methanol (5 mL, 5times 
each) , and dried by nitrogen gas flow. 

Example 3 8 

Preparation of pentanoyl active ester 
O 




[0055] To a mixture of nitrophenol resin (PS-2a) (80 mg, 

0.07 mmol) in NMP (1 mL) was added pentanoyl chloride (4.5 eq) 
and pyridine (0.1 mL) . The reaction mixture was allowed to 
stir overnight. The resin was filtered and washed with DMF (5 
mL, 5 times), methylene chloride and methanol (5 mL, 5 times 
each), and dried by nitrogen gas flow. 

Example 3 9 

Preparation of phenylacetyl active ester 




[0056] To a mixture of nitrophenol resin (PS-2a) (80 mg, 
0.07 mmol) in NMP (1 mL) was added phenylacetyl chloride (4.5 
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eq) and pyridine (0.1 mL) . The reaction mixture was allowed 
to stir overnight. The resin was filtered and washed with DMF 
(5 mL, 5 times each), methylene chloride and methanol (5 mL, 5 
times each), and dried by nitrogen gas flow. 

Example 4 0 

Preparation of 3-phenylpropionyl active ester 




[0057] To a mixture of nitrophenol resin (PS-2a) (80 mg, 

0.07 mmol) in NMP (1 mL) was added 3-phenylpropionyl chloride 
(4.5 eq) and pyridine (0.1 mL) . The reaction mixture was 
allowed to stir overnight. The resin was filtered and washed 
with DMF (5 mL, 5 times), methylene chloride and methanol (5 
mL, 5 times each) , and dried by nitrogen gas flow. 

Example 41 

Preparation of adamantane-l-carbonyl active ester 




[0058] To a mixture of nitrophenol resin (PS-2a) (80 mg, 

0.07 mmol) in NMP (1 mL) was added adamantine-l-carbonyl 
chloride (4.5 eq) and pyridine (0.1 mL) . The reaction mixture 
was allowed to stir overnight. The resin was filtered and 
washed with DMF (5 mL, 5 times) , methylene chloride and 
methanol (5 mL, 5 times each), and dried by nitrogen gas flow. 

Example 42 

Preparation of 4-f luorophenyl acetyl active ester 
O 




[0059] To a mixture of nitrophenol resin (PS-2a) (80 mg, 

0.07 mmol) in NMP (1 mL) was added 4-f luorophenylacetyl 
chloride (4.5 eq) and pyridine (0.1 mL) . The reaction mixture 
was allowed to stir overnight. The resin was filtered and 
washed with DMF (5 mL, 5 times), methylene chloride and 
methanol (5 mL, 5 times each), and dried by nitrogen gas flow. 

Example 4 3 

Preparation of 4 -methoxyphenyl acetyl active ester 
O 
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[0060] To a mixture of nitrophenol resin (PS-2a) (80 mg, 

0.07 mmol) in NMP (1 mL) was added 4-methoxyphenylacetyl 
chloride (4.5 eq) and pyridine (0.1 mL)\ The reaction mixture 
was allowed to stir overnight. The resin was filtered and 
washed with DMF (5 mL, 5 times), methylene chloride and 
methanol (5 mL, 5 times each), and dried by nitrogen gas flow. 

Example 4 4 

Preparation of 4-chlorophenyl acetyl active ester 



O 




[0061] To a mixture of nitrophenol resin (PS-2a) (80 mg, 

0.07 mmol) in NMP (1 mL) was added 4-chlorophenylacetyl 
chloride (4.5 eq) and pyridine (0.1 mL) . The reaction mixture 
was allowed to stir overnight. The resin was filtered and 
washed with DMF (5 mL, 5 times), methylene chloride and 
methanol (5 mL, 5 times each), and dried by nitrogen gas flow. 

Example 4 5 

Preparation of 3-cyclopenty propionyl active ester 
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o 




[0062] To a mixture of nitrophenol resin (PS-2a) (80 mg, 

0.07 mmol) in NMP (1 xnL) was added 3-cyclopentylpropionyl 
chloride (4.5 eq) and pyridine (0.1 mL) . The reaction mixture 
was allowed to stir overnight. The resin was filtered and 
washed with DMF (5 mL, 5 times), methylene chloride and 
methanol (5 mL, 5 times each), and dried by nitrogen gas flow. 

Example 4 6 

Preparation of 4-chlorobenzoyl active ester 
O 




[0063] To a mixture of nitrophenol resin (PS-2a) (80 mg, . 

0.07 mmol) in NMP (1 mL) was added 4-chlorobenzoyl chloride 

(4.5 eq) and pyridine (0.1 mL) . The reaction mixture was 
allowed to stir overnight. The resin was filtered and washed 
with DMF (5 mL, 5 times), methylene chloride and methanol (5 
mL, 5 times each), and dried by nitrogen gas flow. 
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Example 47 

Preparation of N-pyridin-2-ylmethyl benzamide 

[0064] The mixture of benzoyl active ester resin (example 
18) (40 mg) in THF (1 mL) was treated with 2- (aminomethyl) 
pyridine 0.3 pL . The reaction mixture was stirred at room 
temperature overnight . 

EI-MS m/z 213.1 [M + H] + . LC area (UV 250 ) = 99% LC retention tiffie (UV 250 ) = 1 . 51 
Example 4 8 

Preparation of 4-chloro-N-pyridin-2-ylmethyl butyramide 
O 




[0065] This material was prepared from 4-chlorobutyryl 
active ester resin (example 34) using a procedure similar to 
N-pyridin-2-ylmethyl benzamide. 

EI-MS m/z 213.1 [M + H] + . LC area (UV 250 ) = 89. 6% LC retention time (UV 250 ) = 0. 74 
Example 4 9 

Preparation of N-pyridin-2-ylmethyl propionamide 




O 



[0066] This material was prepared from propionyl active 
ester resin (example 35) resin using a procedure similar to N- 
pyridin-2-ylmethyl benzamide. 

EI-MS m/z 165.1 [M + H] \ LC area (UV 250 ) = 95. 6 % LC retention tiae (UV 250 ) = 0 .23 
Example 50 

Preparation of 3-methyl-N-pyridin-2-ylmethyl butyramide 




[0067] This material was prepared from 3-methylbutyryl 
active ester resin (example 36) using a procedure similar to 
N-pyridin-2-ylmethyl benzamide. 

EI-MS m/z 193.1 [M + H] + . LC area (UV 250 ) = 95 % LC retention time (UV 250 ) = 1 . 37 

Example 51 

Preparation of hexanoic acid pyridin-2-ylmethyl amide 




O 



[0068] This material was prepared from n-hexanoyl active 
ester resin (example 37) using a procedure similar to N- 
pyridin-2-ylmethyl benzamide . 

EI-MS m/z 207.2 [M + H] + . LC area (UV 250 ) = 93 % LC retention time (UV 250 ) = 1 . 71 
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Example 51 

Preparation of pentanoic acid pyridin-2-ylmethyl amide 




O 

[0069] This material was prepared from n-pentanoyl active 

ester resin (example 38) using a procedure similar to N- 
pyridin-2-ylmethyl benzamide . 

EI-MS m/z 193.1 [M + H] + . LC area (UV 250 ) = 94 . 5 % LC reten tion time (UV 250 ) = 1.43 
Example 52 

Preparation of 2-phenyl pyridin-2-ylmethyl-acetamide 




[0070] This material was prepared from 2-phenylacetyl 
active ester resin (example 39) using a procedure similar to 
N-pyridin-2-ylmethyl benzamide . 

EI-MS m/z 227.1 [M + H] + . LC area (UV 250 ) = 60 % LC retenti on time (UV 250 ) = 1.61 

Example 52 

Preparation of 3-phenyl pyridin-2-ylmethyl-propionamide 




O 



- 34 - 



[0071] This material was prepared from 3-pheny propionyl 

active ester resin (example 40) using a procedure similar to 
N-pyridin-2-ylmethyl benzamide. 

EI-MS m/z 241.1 [M + H] \ LC axea (UV 250 ) = 92 . 4 % LC retention time (UV 250 ) = 1.72 
Example 53 

Preparation of adamantane-l-carboxyl acid pyridin-2- 
ylmethyl amide 




[0072] This material was prepared from adamantine-1-carboyl 

active ester resin (example 41) using a procedure similar to 
N-pyridin-2-ylmethyl benzamide . 

EI-MS m/z 271.2 [M + H] + . LC area (UV 250 ) = 97 % LC retention tlme (UV 250 ) = 2 . 05 
Example 54 

Preparation of N-benzyl~2- ( 4-f luorophenyl ) -acetamide 




[0073] This material was prepared from 4 -f luorophenylacetyl 

active ester resin (example 42) using a procedure similar to 
N-pyridin-2-ylmethyl benzamide . 

EI-MS m/z 245.1 [M + H] + . LC area (UV 250 ) = 70 % LC retention time (UV 250 ) = 1 -67 



Example 54 



Preparation of N-benzyl-2- ( 4-methoxyphenyl ) -acetamide 




H 
N 




MeO' 



[0074] 



This material was prepared from 4- 



methoxyphenylacetyl active ester resin (example 43) using a 
procedure similar to N-pyridin-2-ylmethyl benzamide. 

EI -MS m/z 245.1 [M + H] + . LC area (UV 250 ) - 70 % LC retention tiae (UV 250 ) = 1 . 67 

Example 55 



active ester resin (example 44) using a procedure similar to 
N-pyridin-2-ylmethyl benzamide . 

EI-MS m/z 261.1 [M + H] + . LC area (UV 250 ) = 80 % LC ret ention time (UV 250 ) = 1 . 83 
Example 56 

Preparation of N-benzyl-2- (cyclopenty) -propionamide 



Preparation of N-benzyl-2- ( 4-chlorophenyl ) -acetamide 




[0075] 



This material was prepared from 4-chlorophenylacetyl 




O 
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[0076] This material was prepared from cyclopentypropionyl 
active ester resin (example 45) using a procedure similar to 
N-pyridin-2-ylmethyl benzamide. 

EI-MS m/z 233.1 [M + H] + . LC area (UV 250 ) = 97 % LC retention tiae (UV 250 ) = 1 . 91 
Example 57 

Preparation of N-benzyl-2-chlorobenzamide 




O 



[0077] This material was prepared from 2-chlorobenzoyl 

active ester resin (example 46) using a procedure similar to 
N-pyridin-2-ylmethyl benzamide. 

EI-MS m/z 247.0 [M + H] + . LC area <UV 250 ) = 99 % LC retent ion time (UV 250 ) = 1.84 
Example 58 

Preparation of benzoylaminoacetic acid 



O 




COOH 



[0078] To a nitrophenol resin (TG-2a) (10 mg, 3.5 pmol) was 
added 0.1 M glycin in 0 . 1 M NaHC0 3 . The reaction was stirred 
for 18 hours. The reaction mixture was filtered and washed 
with H 2 0. The washer was combined and acidified with acetic 
acid . 
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EI -MS Ui/Z 180.0 [M+H] + LC area (UV 230 ) = 95 % LC retention time (UV 230 ) = 1 . 55 



Example 5 9 

Preparation of benzoylaminoacetic acid 
O 

N^COOH 
H 

[0079] To a nitrophenol resin (TG-2a) (10 mg, 3.5 pmol) was 

added 0.1 M glycin in 0.1 M K 2 C0 3 . The reaction was stirred 
for 18 hours. The reaction mixture was filtered and washed 
with H2O. The washer was combined and acidified with acetic 
acid . 

EI-MS m/z 180.0 [M+H] + LC area (UV 230 ) = 96 % LC retention time (UV 230 ) - 1 . 50 

Example 60 

Preparation of Aminopropyl silica gel 




NH 2 



Aminopropyl silica gel 

[0080] A. silica gel (1 g) in toluene (10 mL) was refluxed 

with aminopropyltriethoxysilane (1.2 mL) . The reaction 
mixture was refluxed for 6 hours with stirring. The reaction 
mixture was filtered using 3 mL filter cartridges, washed 
thoroughly with methanol and methylene chloride. It was the 
dried by blowing nitrogen gas. 32 ' 33 
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Example 61 

Preparation of 4-hydroxyl nitrobenzamidopropyl silica gel (SG- 
2a) 



O 




[0081] In 100 mL round-bottom flask, to aminopropyl silica 

gel (1 g) in NMP (10 mL) was added 4-hydroxyl-3-nitrobenzoic 
acid (2 g, 10.9 mmol) . HOBt (2 g, 14.8 mmol) and DIC (1, 3- 
diisopropylcarbodiimide, 2 mL, 12.8 mmol) were added to the 
reaction mixture. The reaction mixture was allowed to stir 
overnight, followed by filtering. It was washed with DMF (10 
mL, 5 times), methylene chloride, and methanol (10 mL, 5 times 
each). The amino silica gel was washed with piperidine (0.2 
mL) in THF (2 mL) and shaken for 10 min. The silica gel was 
filtered and washed with DMF (lOmL, 5 times) and MC (10 mL, 5 
times) . The silica gel was dried with a nitrogen gas flow. 

Example 62 

Preparation of active ester (SG-4a) 
O 




[0082] The silica-gel resin (example 61) (lg) was stirred 

with benzoyl chloride (lmL, 8.53 mmol) in a 1:10 solution of 
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pyridine : MC (lOmL). After 1 hour stirring, the resin was 
filtered, washed with THF (10 mL, 5 times) and MC (lOmL, 5 
times), and dried by nitrogen flow. 

Example 63 

Preparation of various kinds of amides from benzoyl active 
ester 



o 




[0083] A benzoyl active ester resin (PS-4a, TG-4a, PEGA-4a, 
MP-4a, or SG-4a, 50 mg, 75 pmol) was added to 10 kinds of 
amine (0.3 \xmol) in THF (1 mL) and agitated on a rocker 
overnight at room temperature. The reaction mixture was 
filtered and washed with a portion of THF (1 mL) , and the 
filtrates were combined and dried. Completion of the reaction 
was confirmed by TLC with ninhydrin staining and analyzed by 
LC-MS 
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Al EI-MS m/z 273.1 [M+H] + LC retention time (UV 250 ) = 1 . 41 

A2 EI-MS m/z 268. 1 [M+H] + LC retention time (UV 250 ) = 1 . 54 

A3 EI-MS m/z 172.1 [M+Na] + LC retention time (UV 250 ) = 1 . 75 

A4 EI-MS m/z 244.1 [M+Na] + LC retention time (UV 250 ) = 1 . 85 

A5 EI-MS m/z 244 . 1 [M+Na] + LC retention time (UV 250 ) = 2 . 03 

A6 EI-MS m/z 200.1 [M+Na] + LC retention time (UV 250 ) = 2 . 15 

A7 EI-MS m/z 248.1 [M+Na] + LC retention time (UV 250 ) = 2 .28 

A8 EI-MS m/z 298.1 [M+Na] + LC retention time (UV 250 ) = 2 . 54 

A9 EI-MS m/z 256.1 [M+Na] + LC retention time (UV 250 ) = 2 . 75 
A10 EI-MS m/z 284.1 [M+Na] + LC retention time (UV 250 ) = 3. 01 

Example 64 

Preparation of sulfonic acid active ester resin (PS-6a) 




[0084] A nitrophenol resin 2a (1 g, 2.2 mmol) was added to 
a 100 mL polypropylene reaction vessel. The resin was swelled 
with THF (20 mL) for 10 min with mild agitation. Pyridine (1 
mL) was added to the reaction. A p-toluenesulf onyl chloride 

(1.2 mg, 6.3 mmol) was added to the resin mixture and agitated 
vigorously until all of the sulfonyl chloride dissolved. The 
polypropylene reaction vessel was capped and gently agitated 
for 16 hours at room temperature. The reaction mixture was 
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filtered and washed with DMF (10 mL, 5 times), MC and methanol 
(10 mL, 5 times each) and dried by nitrogen gas flow. 

Example 65 

Preparation of p-toluenesulf onyl-4-piperidine 

[0085] A p-toluenesulf onyl active ester resin (50 mg, 0.055 
mmol) was added to a 10 mL polypropylene reaction vessel. The 
resin was swelled in THF (1 mL) for 10 rain. piperidine (3.7 
mg, 0.044mmol) was added and the mixture was filtered, then 
washed with MC. The filtrates were combined and evaporated. 
EI -MS ra/z 262.1 [M+Na] * LC area (UV 230 ) = 95 % LC retentlon tlme (UV 230 ) = 2 . 58 

Example 66 

Preparation of p-toluenesulf onyl-4-cyclohexylpiperazine 

-QfCK) 

[0086] A p-toluenesulfonyl active ester resin (50 mg, 0 . 055 
mmol) was added to a 10 mL polypropylene reaction vessel. The 
resin was swelled in THF (1 mL) for 10 min. 1- 
cyclohexylpiperazine (7.4 mg, 0.044 mmol) was added and the 
mixture was filtered, and then washed with MC . The filtrates 
were combined and evaporated. 

EI-MS m/ M 323.2 [M+H] + LC area (UV 230 ) = 99 % LC retention time (UV 230 , = 1 . 63 
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Example 67 

Preparation of p-toluenesulf onyl-4- (2-pyridyl) -piperazine 



[0087] A p-toluenesulf onyl active ester resin (50 mg, 0.055 
mmol) was added to a 10 mL polypropylene reaction vessel. The 
resin was swelled in THF (1 mL) for 10 min. 2-pyridyl- 
piperazine (7.2 mg, 0.04 4mmol) was added and the mixture was 
filtered, and then washed with MC . The filtrates were combined 
and evaporated. 

EI-MS m/z 318.1 [M+H]* LC area (UV 230 ) = 99 % L C retention tiae (UV 230 ) = 2. 12 

[0088] For the nitrophenols of the present invention, the 
OH and the N0 2 groups can be at any position on the benzene 
ring. 

[0089] As used herein, alkyl carbon chains, if not 
specified, contain from 1 to 20 carbon atoms, preferably from 
1 to 16 carbon atoms, and are straight or branched. 

[0090] The alkyl groups may be optionally substituted, with 
one or more groups, preferably alkyl group substituents that 
may be the same or different. As used herein, lower alkyl, 
refers to carbon chains having fewer than or equal to about 6 
carbon atoms . 

[0091] As used herein an alkyl group substituent includes 
halo, haloalkyl, preferably halo lower alkyl, aryl, hydroxy, 
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alkoxy, aryloxy, alkoxy, alkylthio, arylthio, aralkyloxy, 
aralkylthio, carboxy, alkoxycarbonyl, oxo, and cycloalkyl. 
[0092] The term "aryl" herein refers to aromatic cyclic 
compounds having up to 10 atoms, including carbon atoms, 
oxygen atoms, sulfur atoms, selenium atoms, etc. Aryl groups 
include, but are not limited to, groups such as phenyl, 
substituted phenyl, naphthyl, substituted naphthyl, in which 
the substituent is preferably lower alkyl, halogen, or lower 
alkyl. "Aryl" may also refer to fused rings systems having 
aromatic unsaturation. The fused ring systems can contain up 
to about 7 rings . 

[0093] An "aryl group substituent" as used herein includes 
alkyl, cycloalkyl, cycloaryl, aryl, heteroaryl, optionally 
substituted with 1 or more, preferably 1 to 3, substituents 
selected from halo, haloalkyl, and alkyl, arylalkyl, 
heteroarylalkyl, alkenyl containing 1 to 2 double bonds, 
alkynyl containing 1 to 2 triple bonds, halo, hydroxy, 
polyhaloalkyl, preferably trif luoromethyl , formyl, 
alkylcarbonyl, arylcarbonyl, optionally substituted 
with 1 or more, preferably 1 to 3, substituents selected from 
halo, haloalkyl, alkyl, heteroarylcarbonyl , carboxyl, 
alkoxycarbonyl , aryloxycarbonyl , aminocarbonyl , 
alkylaminocarbonyl, dialkylaminocarbonyl , 
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arylalkylaminocarbonyl, alkoxy, aryloxy, perf luoroalkoxy, 
alkenyloxy, alkynyloxy, arylalkoxy, aminoalkyl, 
alkylaminoalkyl, dialkylaminoalkyl , arylaminoalkyl , amino, 
alkylamino, dialkylamino, arylamino, alkylarylamino, 
alkylcarbonylamino, arylcarbonylamino, amido, nitro, mercapto, 
alkylthio, arylthio, perf luoroalkylthio, thiocyano, 
isothiocyano, alkylsuf inyl , alkylsulf onyl, arylsulf inyl , 
arylsulfonyl, aminosulf onyl, alkylaminosulf inyl , 
dialkylaminosulfonyl, and arylaminosulf onyl . 
[0094] The term "arylalkyl" as used herein refers to an 
alkyl group which is substituted with one or more aryl groups. 
Examples of arylalkyl groups . include benzyl, 9- 
fluorenylmethyl, naphthylmethyl , diphenylmethyl, and 
triphenylmethyl . 

[0095] "Cycloalkyl" as used herein refers to a saturated 
mono- or multicyclic ring system, preferably of 3 to 10 carbon 
atoms, more preferably from 3 to 6 carbon atoms. Cycloalkenyl 
and cycloalkynyl refer to mono- or multicyclic ring systems 
that respectively include at least one double bond and at 
least one triple bond. Cycloalkenyl and cycloalkynyl groups 
may preferably contain 3 to 10 carbon atoms, with cycloalkenyl 
groups more preferably containing 4 to 7 carbon atoms and 
cycloalkynyl groups more preferably containing 8 to 10 carbon 
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atoms. The ring systems of the cycloalkyl, cycloalkenyl and 
cycloalkynyl groups may be composed of one ring or two or 
more rings which may be joined together in a fused, bridged, 
or spiro-connected fashion, and may be optionally substituted 
with one or more alkyl group subs tituents . 

[0096] The term "heteroaryl" for purposes of the present 
application refers to a monocyclic or multicyclic ring system, 
preferably about 5 to about 15 members, in which at least one 
atom, preferably 1 to 3 atoms, is a heteroatom, that is, an 
element other than carbon, including nitrogen, oxygen, or 
sulfur atoms. The heteroaryl may be optionally substituted 
with one or more, preferably 1 to 3, aryl group substituents . 
Exemplary heteroaryl groups include, for example, furanyl, 
thienyl, pyridyl, pyrrolyl, N-methylpyrrolyl, quinolyinyl and 
isoquinolinyl . 

[0097] The term "heterocyclic" refers to a monocyclic or 

multicyclic ring system, preferably of 3 to 10 members, more 
preferably 4 to 7 members, where one or more, preferably 1 to 
3, of the atoms in the ring system is a heteroatom, i.e., an 
atom that is other than carbon, such as nitrogen, oxygen, or 
sulfur. The heterocycle may be optionally substituted with 
one or more, preferably 1 to 3, aryl group substituents. 
Preferred substituents of the heterocyclic group include 
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hydroxy, alkoxy, halo lower alkyl. The term heterocyclic may 
include heteroaryl. Exemplary heterocyclics include, for 
example, pyrrolidinyl , piperidinyl, alkylpiperidinyl , 
morpholinyl, oxadiazolyl, or triazolyl. 

[0098] The nomenclature alkyl, alkoxy, carbonyl, etc, is 
used as is generally understood by those of skilled this art. 
As used herein, alkyl refers to saturated carbon chains that 
contain one or more carbon atoms; the chains may be straight 
or branched or include cyclic portions or may be cyclic. 
[0099] The term "halogen" or "halide" includes F, CI, Br, 

and I. This can include pseudohalides, which are anions that 
behave substantially similarly to halides. These compounds 
can be used in the same manner and treated in the same manner 
as halides. Pseudohalides include, but are not limited to, 
cyanide, cyanate, thiocyanate, selenocyanate, trif luoromethyl , 
and azide. 

[00100] The term "haloalkyl" refers to a lower alkyl radical 
in which one or more of the hydrogen atoms are replaced by 
halogen, including but not limited to, chloromethyl , 
trif luoromethyl, l-chloro-2-f luoroethyl , and the like. 
"Haloalkoxy" refers to RO- in which R is a haloalkyl group. 
[0100] The term "sulfinyl" refers to -S(O)-. "sulfonyl" 

refers to -S (O) 2 - . 

[0101] "Aminocarbonyl" refers to -C(0)NH 2 . 
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[0102] The term "arylene" as used herein refers to a 
monocyclic or polycyclic bivalent aromatic group preferably 
having from 1 to 20 carbon atoms and at least one aromatic 
ring. The arylene group is optionally substituted with 
one or more alkyl group substituents . There may be optionally 
inserted around the arylene group one or more oxygen, sulfur, 
or substituted or unsubstitued nitrogen atoms, where the 
nitrogen substituent is alkyl, 

[0103] "Heteroarylene" refers to a bivalent monocyclic or 

multicyclic ring system, preferably of about 5 to about 15 
members, wherein one or more of the atoms in the ring system 
is a heteroatom. The heteroarylene may be. optionally 
substituted with one or more aryl group substituents. 
As used herein, "alkylidene" refers to a bivalent group, such 
as =CR'R", which is attached to one atom of another group, 
forming a double bond. "Arylalkylidene" refers to an 
alkylidene group in which either R' or R" is an aryl group. 
[0104] As used herein, when any particular group, such as 
phenyl or pyridyl, is specified, this means that the group is 
substituted or unsubstituted . Preferred substituents, where 
not specified, are halo, halo lower alkyl, and 
lower alkyl . 

[0105] Thus, according to the present invention, new 

polymer-bound nitrophenol resins were prepared by coupling 
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alkylamine-resin with a hydroxynitrobenzoic acid. Active 
esters and sulfonic acid esters react with a diverse set of 
amino nucleophiles to generate arrays of amides and 
sulfonamides that are useful in drug discovery. 
[0106] The novel active ester resins based upon a variety 
of resin compositions have broad applications, particularly 
because previously used resins had limited usage in organic 
solvents because of their poor swelling properties in 
hydrophilic solvents. The resins of the present invention ci 
be used in most conventionally used solvents, including 
aqueous media. Additionally, production expenses are much 
lower than for comparable tetraf luorophenol resins. 
[0107] Thus, the present invention makes it possible to 

synthesize arrays of highly pure amide and sulfonamide 
libraries by providing reactive acylating and sulf onylating 
reagents. Active carboxylic esters and sulfonic acid esters 
react with a diverse set of amine nucleophiles to generate 
arrays of amides and sulfonamides that are useful in drug 
discovery. 

[0108] Any primary or secondary amine can be used as the 

amine nucleophie to react with a carboxylic ester or sulfonic 
acid ester. Among the primary and secondary amines that can 
be used in the present invention are the following: 
1-cyclohexylpiperazine 



- 49 - 



1- (2-pyridyl) piperazine 
dimethylamine 6-amino-l-hexanol 
(S) - {+) -leucinol 
n-butylamine 
phenethylamine 
(R) - (+ ) - (naphthyl) ethylamine 
octylamine 
decylamine 

[0109] The resins of the present invention will be used as 
tools in amide/sulf onamide library synthesis, and eventually 
for drug discovery. These resins will also be used as 
labeling reagents for biologically important amines and 
proteins in various conditions, including aqueous . media, which 
is important in the field of proteomics. 
[0110] The foregoing description of the specific 
embodiments will so fully reveal the general nature of the 
invention that others can, by applying current knowledge, 
readily modify and/or adapt for various applications such 
specific embodiments without departing from the generic 
concept, and, therefore, such adaptions and modifications 
should and are intended to be comprehended within the meaning 
and range of equivalents of the disclosed embodiments. It is 
to be understood that the phraseology or terminology employed 
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herein is for the purpose of description and not of 
limitation . 
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